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The frontal sinus is a cavity located in the frontal bone and is completely unique to every
individual. The morphology is influenced by a number of factors, such as environment, genetics,
and perimortem injury. This study focuses on the role that ancestry, sex, and age play in the
appearance of this feature; the morphology and shape of an individual’s frontal sinus is
influenced by their sex and ancestry to some degree. The following analysis observes the
relationship between the maximum width (MW), maximum depth (MD), degree of asymmetry
(DOA), and maximum height (MH) of the frontal sinus and the individual’s sex, age, and
ancestry. MW, MD, and MH correlate with one another when taking the sex of the individual
into account and the DOA is affected by the ancestry of the individual. Males, on average,
present with greater MW, MH, and MD than females; females in this study presented with left
side dominance of the frontal sinus more often than males. The Black individuals included in the
study presented with right side dominance of the frontal sinus more often than White individuals.
Age did not play a role in the size of the frontal sinus and does not appear to greatly influence
any of the measurements. The information regarding sex and ancestry can be taken into account
when creating a biological report and included in the estimation of the individual’s identifying
traits.
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Introduction
The frontal sinus is a cavity located in the frontal bone in the skull. It appears in humans
around the age of 3 and is considered fully developed at the age of 20 (Buckland-Wright, 1970).
Every individual’s frontal sinus is unique, much like a fingerprint, and its morphology is
influenced by multiple factors, including genetics, the environment, perimortem injury, and
possible exposure to disease (Buckland-Wright, 1970; Reichs, 1993). While outside factors may
certainly alter the original structure of the frontal sinus, this study focuses on the role that
ancestry, sex, and age play in the appearance of this feature. Previous studies have analyzed
these influential factors, however, there are gaps in the literature that do not explore certain
aspects of these potential relationships. While the correlation between the size of the sinus and
the sex of the individual has been the subject of multiple research projects, the influence of
ancestry over frontal sinus morphology has hardly been examined. Prior research has focused on
one ancestral group, if that, and has failed to compare multiple populations against one another.
The comparison of one group with another allows researchers to discern differences between
populations and possibly identify features that are more closely associated with people of
particular ancestries. This is a unique feature that could potentially assist with the identification
of a decedent and by identifying which features are influenced by certain factors, investigators
and anthropologists alike will be able to include this information in their biological reports.
This study analyzes various datapoints collected from the CT scans of 413 male and
female individuals that are of Black and White ancestry; these files have been obtained from the
New Mexico Decedent Imaging Database (NMDID). The features measured include the
maximum width of the frontal sinus, the maximum depth, the maximum height, and the degree
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of asymmetry and the metric analysis of these factors provides data that is able to be input into
SPSS (IBM v. 27) for the purpose of statistical analysis. The analyses will then quantify the
degree of influence that age, sex, and ancestry have over these features and determine if any are
more closely associated with one of the categorical variables. The tests conducted in SPSS
include various descriptive statistics, means tests, cluster analyses, T-tests, linear regression, and
correlation to investigate the significance of the relationships seen within the data.
I hypothesize that certain landmarks and measurements will tend to associate with one
ancestry or sex more often and the overall size of the frontal sinus will increase along with the
age of the individual. The increase in size with age has been demonstrated by previous studies
(Buckland-Wright, 1970; Fatu et al., 2006), however, this study will focus on certain size
measurements and attempt to correlate those with different age groupings. I also predict that the
sinuses of the different ancestral populations, as well as males and females, will be distinct from
one another in a statistically significant manner; this may be seen through size or asymmetry.
The presence of predictable variability between males and females, ancestries, or age groups is
crucial to future studies, as these methods may be replicated and provide evidence of other
distinguishing characteristics that exist in populations not represented in this study.
Furthermore, the presence of a relationship between certain features and sex, ancestry, or
age would allow for forensic anthropologists to take this information into account when
conducting their analysis of a decedent’s remains, resulting in a more complete biological
profile. Members of law enforcement and those in investigative roles would also benefit from
increasing knowledge of frontal sinus morphology; they would recognize that certain landmarks
and traits are seen more often in particular ancestral populations, age groups, and/or sexes. By
having a greater understanding of how ancestry, sex, or age play a role in the structure of the
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frontal sinuses, those working in an investigative capacity could include this data in their reports
and increase the accuracy of the individual’s profile provided in the biological report.
Background
Previous studies conducted on this feature have revealed that the frontal sinuses are
extremely unique to every individual and it is possible to consider this method of identification
to be fairly reliable. Their focuses have mainly been on frontal sinus patterns, morphology, and
variability, the reliability of identification of decedents through this feature, correlating sinus
shape with age and gender, the creation of a classification system of patterns seen often in the
frontal sinuses, and the use of CT imagery and radiography in these studies (Aklaghi et al.
(2016); Beaini et al. (2015); Besana and Rogers (2010); Buckland-Wright (1970); Camargo et al.
(2017); Cameriere et al. (2005); Cameriere et al. (2008); Christensen (2005); Cox et al. (2009);
Fatu et al. (2006); Guerram et al. (2014); Hefner (2009); Kim et al. (2013); Quatrehomme et al.
(1996); Reichs (1993); Smith, Christensen, and Myers (2009); Strek et al. (1992); Soman et al.
(2016); Tatlisumar et al. (2007); Uthman et al. (2010); Verma et al. (2015); Yoshino et al.
(1987)). While these studies are comprehensive and include vast amounts of information
regarding this topic, they do not focus on uncovering any distinctions between individuals of
Black or White ancestry. They also do not focus on discerning differences between sexes
through the parameters present in this study. The research previously conducted in the field also
provides limited information regarding the degree of influence that age has over the morphology
of the frontal sinus.
Recurring themes and terms that are discussed in the literature include computed
tomography (CT), radiography, patterns of the sinus, and morphology. Computed tomography is
a computer-generated x-ray that produces a three-dimensional picture of the object in question.
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Radiography is an x-ray of the object or individual and produces two-dimensional views. When
discussing the patterns of the frontal sinus, this is generally regarding the upper border outline
and overall size of the sinus. Morphology is a term that denotes the structure and shape.
Regarding previous research on the relationship between sex and frontal sinus
morphology, there have been quite a few analyses focusing on how this influences the
development of the feature. Studies including Buckland-Wright (1970), Yoshino et al. (1987),
Uthman et al. (2010), Suman et al. (2016), Verma et al. (2015), and Camargo et al. (2017)
examine the role of radiography in the analysis of the frontal sinuses and the accuracy of its
application.
The research conducted by Buckland-Wright (1970) focused on early British populations,
discussing the factors that influence the development and appearance of the frontal sinus the
most. The study concluded that the morphology of the feature is greatly impacted by
mechanical, endocrinal, genetic, and environmental factors. Overall, these variables affect the
shape and development of the feature in a predictable manner, allowing for the establishment of
“intergroup differences.”
Yoshino et al. (1987) conducted their study on Japanese individuals and created a
classification system for the factors included in their analysis. This system includes variables
such as area of size, bilateral asymmetry, superiority of side, upper border outline, partial septa,
and the number of supraorbital cells present. Bilateral asymmetry and the superiority of side
refer to the side of the sinus that is larger and supraorbital cells are essentially ‘pockets’ in the
sinus that are similar in appearance to cells. Partial septa resemble the septum; however, they are
not complete and do not extend fully like the septum does. The results of this study revealed that
“the degree of bilateral asymmetry in the frontal sinus [can be] classified into 5 categories based on the
asymmetry index. About 40% of samples in each sex belonged to asymmetry index ’40-60.’ In Austria,
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about 40% of males belonged to ’60-80’ and about 40% of males belonged to ’80-100.’ From these
findings, it is suggested that the degree of bilateral asymmetry in the frontal sinuses differ from [ancestry]
to [ancestry]” (297).

The research conducted in this study by Yoshino et al. is useful in both the determination of sex
and ancestry. It indicates that there are marked differences between males and females and that
there are possibly differences among ancestral populations as well.
The study conducted by Verma et al. (2015) also focuses on sex determination of
individuals based on radiographs of the frontal sinuses. The study analyzed 149 posterioanterior
(PA) cephalograms and focused on the distribution of lobulations, the area of the sinus, and the
ratio of height to width in the subjects. The results indicated that males had a greater total
lobulation than females and the mean ratio of width to height was greater in males than in
females. Verma et al. concluded that the “combined use of the frontal sinus and nasal septum
could be used as a method for identification by exclusion in forensic [contexts].” Again, a larger
sample size would increase the reliability of the results.
In Suman et al. (2016), the sex of individuals was determined through the utilization of
radiographs and morphometric evaluation. 100 males and 100 female subjects were included in
the data and divided into the age groups 14-20, 21-30, 31-45, and 45<. They found that on
average, the length, width, and area of the frontal sinus is typically greater in males than it is in
females. The research also revealed that the total area of the frontal sinus tends to increase along
with age. They were able to conclude that the morphometric evaluation of the feature can assist
with the identification of a decedent’s sex. As with the other studies, a greater sample size would
benefit the study, along with more narrow age groups to assist with determining when certain
changes in size or area are seen in higher frequencies.
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In the research conducted by Camargo et al. (2017), the frontal sinuses of Brazilian
individuals were studied and compared to one another in an attempt to determine the sex of the
subjects involved in the study. The radiographs of 50 men and 50 women between the ages of 20
and 30 were included in the study; the measurements taken from the individuals include the areas
of the left and right portion of the frontal sinus, as well as the maximum width and the maximum
depth of the feature. Utilizing Student’s T-test and logistic regression analysis, the research
revealed that males had a larger sinus and their left area was typically greater than the right area.
While this study did reveal that there are differences in size between males and females, a larger
sample size could have been included in the study in order to increase the reliability of the
results.
Studies that focus on the application of computed tomography and the inclusion of
morphometric analysis in forensic reports include Uthman et al. (2010), Kim et al. (2012), and
Aklaghi et al. (2016). These projects rely on the data provided in CT scans to estimate the sex of
the individuals.
Uthman et al. (2010) examines the frontal sinuses of 90 Iraqi individuals, 45 of which are
male and 45 are female. The “FSS System”, wherein “F” stands for “Present/Absent,” “S” stands
for “Intersinus/Intrasinus Septum,” and “S” stands for “Scalloping,” was utilized during this
study and through both descriptive and discriminative statistical analysis, the researchers found
that this method is reliable roughly 86% of the time when identifying the sex of the individual in
question.
Kim et al. (2012) examines the CT scans of the frontal sinuses of 119 Korean individuals,
attempting to evaluate the effectiveness of CT imagery when attempting to identify an individual
through their frontal sinus. The study found that the volume of the sinus, as well as the bilateral
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asymmetry was significantly different in men than it was in women. The study could improve by
expanding the sample size and including equal number of men and women, in order to assure
that the results are not skewed greatly.
Aklaghi et al. (2016) included 100 male and 100 female individuals of Persian descent
and separated them into the age categories 20-34, 35-49, and 50+. The number of partial septa,
maximum height, and the maximum width of the frontal sinus were recorded and the results
found that the maximum height and maximum width presented the greatest differences between
males and females.
Other research projects conducted on the frontal sinuses that do not necessarily fall into
the categories of age discernment, sexual differentiation, or ancestral distinction regard the
reliability of identification through this feature, variability in the outline, and the usefulness of
CT scans in projects such as Reichs (1993), Quatrehomme et al. (1996), Christensen (2004), Cox
et al. (2004), Tatlisumar et al. (2004), Cameriere et al. (2005), Cameriere et al. (2008), Besana
and Rogers (2010), Smith, Christensen, and Myers (2010), Beaini et al. (2015) .
Reichs (1993) discusses the uniqueness of the feature and the traits that allow them to
assist with the individualization of a decedent. They vary based on the outline, overall size,
shape, degree of symmetry or asymmetry, and the number of supraorbital cells present. She also
includes that they are highly visible features that could potentially appear at the age of 1 and are
typically considered to be fully formed between the ages of 18 and 20. Reichs concluded that
their presence and uniqueness to the individual allows them to assist greatly with the
identification of a subject.
Quatrehomme et al. (1996) focuses on the reliability of this method for identification as a
whole. Antemortem and postmortem radiographs were compared with one another to test the
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accuracy of identification through the frontal sinuses and they found that it is in fact a reliable
manner of identification. The research also revealed that there is great variability in the
morphology of the sinus between even monozygotic twins.
Christensen (2004) utilizes Elliptic Fourier Analysis to assess differences in the outlines
of sinuses and compare the Euclidean distances between each outline to determine variations
among individuals in the study. The results revealed that the shape and outline of a subject’s
frontal sinus is highly unique and unlikely to present similarly in another individual.
Cox et al. (2004) works off of the previously discussed study conducted by Christensen
in 2004 and attempts to apply her method in a more simplistic manner. They found similar
results to Christensen and found that the digital method is applicable to casework if applied in a
controlled manner such as theirs.
`

Smith, Christensen, and Myers (2010) discussed issues with digital identification of the

frontal sinus and hypothesized that visual identification of individuals through the feature are
likely more accurate than the computerized method. Their results proved the hypothesis and
found that when the sinus is small and contains fewer features, the error rates of experienced
identifiers are very low. Visual identification of the sinus is a more reliable method in some
cases.
Cameriere (2008) focuses on the role of kinship in the formation of the frontal sinuses
and how relatedness might affect the outcome of an identification effort. The study included 98
individuals from 20 families and 98 individuals who were not related in any aspect; this group
acted as the control. They found that the number of false-positive identifications were very low
and the frontal sinuses are unique even within familial groups.
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Besana and Rogers (2010) focus on the utilization of discrete trait combinations and
superimposition pattern matching to identify individuals through their frontal sinuses. They
found that their metric methods were too unreliable as a method for identifying subjects, as
everyone’s sinus is highly unique. However, their study found that superimposition pattern
matching is a reliable means of identification.
Cameriere et al. (2005) works to improve the classification system introduced in
Yoshino et al.’s previous research. They substituted the frontal sinus size and bilateral
asymmetry with “left frontal sinus area/ left orbit area” and “right frontal sinus area/ right orbit
area.” This would potentially reduce the false-positive identifications in future research projects
utilizing the Yoshino classification method.
Tatlisumar et al. (2004) introduced the “FSS Classification System” and applies this
method to the identification of unknown subjects. “F” stands for “Present/Absent,” “S” stands
for “Intersinus/Intrasinus Septum,” and “S” stands for “Scalloping.” The application of their
method resulted in successful identification of 98% of the subjects involved in the study,
however, they noted that their measurements were biased and the actual success rate would
likely be lower when applied in the field.
Beaini et al. (2015) found that with cone-beam CT examinations, the ability to accurately
measure and identify individuals was very high. They include that this new method of
identification should be utilized in future efforts, as they had a 100% success rate when applying
this technique to the 20 individuals in their study.
The relationship between ancestry and the frontal sinuses has not been explored in an indepth manner; previous studies have focused more so on how sex and age tend to influence the
morphology of this feature. By analyzing the possible impact that ancestry has on the structure
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and appearance of the sinus, forensic anthropologists and those alike can further investigate this
association and hopefully include this identifying information in their decedent identification
reports. This study compares individuals of Black ancestry and White ancestry, attempting to
discern if there are any significant differences between the two populations. By demonstrating
that there are certain features or measurements more closely associated with one group, future
research can focus on the analysis of other ancestral populations. This in turn would clarify the
relationship between ancestry and morphology, defining the influential factors and the degree to
which they affect the development of the frontal sinus.
In addition to this, the investigation of the relationship between sex and the frontal
sinuses is one that has been previously researched. However, this study analyzes different factors
not included in other studies. The overall size of the sinus is compared between the two sexes
and the possible relationship between sex and degree of asymmetry are explored; the presence of
a relationship between these factors could provide further explanation for what tends to influence
the morphology of this feature.
The age of the individuals included in the subject has been recorded and analyzed as well.
This will reveal whether there are distinct differences that occur due to age and either prove or
disprove previous literature indicating that the overall sinus tends to increase along with the
individual’s age.
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Methods and Materials
The dataset utilized in this study is derived from the New Mexico Decedent Imaging
Database (NMDID), which was established in 2010 at the University of New Mexico. NMDID is
a part of the Center for Forensic Imaging and works alongside the Office of the Medical
Investigator to create supplemental CT imagery to accompany autopsy reports of decedents in
the state. This study comprises 413 randomly selected Black and White males and females who
passed while in New Mexico. The ages of the individuals range from 20 to 97; those under 20
were excluded due to previous literature indicating that the frontal sinuses are not fully
developed until after this age (Buckland-Wright, 1970; Reichs, 1993). Decedents who suffered
head/facial trauma or gunshot wounds were excluded, as these instances may alter the original
morphology of the feature. Measurements were obtained from the CT scans of the decedents
through the program ‘OsiriX MD v.12.0.1.’ and then input into an Excel spreadsheet. From
there, the Excel spreadsheet was uploaded into SPSS (IBM SPSS v. 24), where various statistical
analyses were conducted.
Originally, the randomly selected sample of individuals contained an equal distribution of
males and females of each ancestral background, however, some CT scans were poor quality and
measurements were not able to be obtained from these cases. There are also fewer Black
individuals in the database from certain age groups that fit the criteria of the study, further
limiting the sample size of individuals from this ancestral background. Initially, the study
included 240 Black individuals, with 120 being male and 120 being female, and 240 White
individuals, with 120 males and 120 females as well, yet this sample size was reduced to 186
Black individuals and 213 White individuals. 27 individuals, 9 Black and 18 White, had total
aplasia, or absence, of the frontal sinuses.
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The measured variables included in the study are the maximum width, maximum height,
maximum depth, and degree of asymmetry. The identifying factors included in the dataset are the
ancestry, sex, age and age group, and the whether the sinus is present or absent. The
measurements are in both centimeters and millimeters, with centimeters recorded as “X.XX” and
millimeters recorded as “.XXX.” The ‘Sagittal ST Head-Neck View’ of the CT is used for the
measurements, with the ‘axial’ and ‘coronal’ views utilized to obtain the data, and the program
OsiriX MD provides accurate sizes of each feature. The ‘maximum width’ is measured from the
coronal plane, plotting points at the outermost edge of the frontal sinus. ‘Maximum depth’ is
measured from the sagittal plane and is obtained by plotting points from just above the orbits,
where the base of the frontal sinus begins, to the deepest part of the feature. The ‘maximum
height’ is also measured from the sagittal plane, and begins at the straight line created from the
‘maximum depth’ measurement and extends to the highest point of the sinus. The ‘degree of
asymmetry’ is taken from the coronal plane and measures which side of the frontal sinus is more
dominant in the individual. The first point begins in the center of the orbits and measurements
are conducted on both the left and right sides of the sinus in order to ensure an accurate report of
side dominance. The larger measurement is recorded and anatomical left side dominance is
reported as a negative integer, while anatomical right-side dominance is reported as a positive
integer.
Ancestry, sex, age and age group, and the overall presence or absence of the frontal sinus
are recorded and included as both nominal and ordinal variables in the dataset. In the ‘ancestry’
category, ‘1’ indicates that the individual was Black and ‘2’ indicates that the individual was
White. ‘Sex’ is recorded as a ‘1’ or ‘2’ as well, with ‘1’ indicating that the individual was a
female and ‘2’ indicating that the individual was a male. Age is recorded as well, however, it has
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been grouped into categories in SPSS with the ‘visual binning’ function. The age groups are (2029), (30-39), (40-49), (50-59), (60-69), and (70+). The purpose of this is to determine whether
there are size trends among age groups, as suggested by previous literature (Fatu et al., 2006).
The overall presence or absence of the sinus is indicated as well, with ‘1’ indicating its presence
and ‘2’ indicating its absence.
Analysis
The statistical analyses performed on the dataset in SPSS include frequency tables,
descriptive statistics, exploration of the data, means tests, T-Tests, correlation tests, discriminant
function analysis, and 2-step cluster tests. The frequency tables include the maximum height
(MH), maximum width (MW), maximum depth (MD), degree of asymmetry (DOA), sex,
ancestry, age, and presence or absence (P/A) of the frontal sinus.
Frequency, means tests, and descriptive statistics on the data set provide an output
regarding averages and other meaningful numerical information that present the audience with a
set of standards for each variable. The frequency tables indicate the number of ‘valid individuals
(N)’ in each variable, noting the number of times these figures appear in the dataset. Some
measurements were unable to be obtained from every individual in the study, causing the number
of ‘valid N’ to differ among the variables (Table 1). The descriptives (Table 1) indicate the N,
minimum value, maximum value, mean, and standard deviation of the MH, MW, MD, and DOA
variables. This assists in establishing a baseline to compare other tests against. ‘Exploration’ of
the data was also conducted and is another form of descriptive statistics. This function allows for
analysis of each variable in relation to both sex and ancestry and provides the valid N and valid
percentage for each variable in the category of either sex or ancestry; two tests were performed
for these in order to create separate tables and box plot diagrams (Tables 2, 3). These tables
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further breakdown each variable within the category, providing the mean, 95% confidence
interval, median, variance, standard deviation, minimum and maximum, range, interquartile
range, skewness, and kurtosis.
The T-tests indicate the “N” value, mean, standard deviation, and standard error mean
for the MH, MW, MD, and DOA when separated by sex and ancestry. The independent samples
test analyzes the MH, MW, MD, and DOA, testing when equal variances are both assumed and
not assumed for both ancestry and sex. This test provides an F-value, which refers to whether the
variances are equal, Significance, t value, df, 2-tailed significance, mean difference, standard
error difference, and the 95% confidence interval of difference. The purpose of this test is to
determine if there is any significant (p< .05) difference between the means of the population in
question.
The correlation tests analyze the relationship between a pair of variables, indicating if any
are significantly correlated with one another and to what degree. The pairs included in the test
are DOA + MD, MW + MH, MW + MD, DOA + MH, and DOA + MW. The “N”, standard
deviation, and standard error mean are included in statistics output. The significance level, and
correlation value are included in the correlation table.
The correlation table provides the n, 2-tailed significance, Pearson, and Spearman
correlation for the MW, MH, MD, and DOA.
The linear regression analysis attempts to fit the variables to a statistical model and then
provides information regarding how the data deviates from this created output. The stepwise
method is performed, which excludes certain variables from the model, and a model summary
table, ANOVA table, excluded variable table, and coefficient table are produced. These tables
further break down the regression model and compare both sex and ancestry to the degree of
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asymmetry. This variable was the most influenced and produced the highest significance level in
both categories.
Discriminant function analysis of the data also utilizes the stepwise method, removing
variables that do not differ significantly between the groups. These tests were run on both sex
and ancestry, separately, and include the Wilks-Lambda test, the summary of canonical
discriminant functions, the variables included in the analysis, and the variables excluded from
the analysis. The Wilks-Lambda test includes the chi-square value, which functions to
demonstrate the degree of difference between the observed counts and the expected counts.
The test regarding 2-step cluster analysis locates groupings among the data for each
variable and indicates where these occur within the data set. A table noting the ‘cluster quality’ is
included along with an output table that includes specific values for each cluster (Figures 5 and
6).
Results
The following results demonstrate the associations between particular measured features
of the frontal sinus and certain categorical variables. Sex, age, and ancestry influence the
morphology of the frontal sinus and some features are more closely associated with one ancestral
population, sex, or age group over the other. The following tables are presented in multiple sets,
with the first set of tables presenting statistics regarding the dataset as a whole, the second set
pertains to the statistical analyses focusing on sex, the third grouping focuses on ancestry, and
the fourth set concerns the ages and age group of the individuals involved in the study.
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Set 1
The first set (Tables 1 and 2) contains the frequency tables for the entire dataset (Table 1),
indicating the number of individuals included in the statistical analyses performed on the values.
This set also includes the descriptive statistics of the data (Table 2), which includes total
values(n), mean, maximum, and standard deviation for the MW, MH, MD, and DOA.

Table 1: Frequency Distribution for all Data

Table 2: Descriptive Statistics for all Data

Sex
The second set of tables focus on the correlations between sex and the MH, MW, MD, and DOA
of the individuals in the set. These tests do not take the ancestral background of the individuals
into account, but instead groups individuals together based on whether they are biological males
or females. The purpose is to discern if sex plays an influential role in the formation and
morphology of the frontal sinus; this is demonstrated through descriptive statistics, means tests,
16

t-tests (one-sample and independent sample), correlations, partial correlations, linear regression,
discriminant function analysis, and cluster analysis (Tables 3-16; Figures 1-6).
The descriptive statistics regarding sex and the MH, MW, MD, and DOA of the
individuals indicate the valid n within each group and separate them by whether they are males
or females. This information has been assigned an ordinal value; “1” indicates that the individual
is a female and “2” indicates that the individual is a male (Table 3). Tables 4-7 break down the
MH, MW, MD, and DOA and provide the mean, standard deviation, 95% confidence interval,
Kurtosis, and Skewness for each variable. Table 4 demonstrates that, on average, males tend to
have a greater maximum width of the frontal sinus (4.96cm vs. 4.15cm) and their distributions
both skew to the left (-.502 for females, -.771 for males). The kurtosis for females is .014,
demonstrating that it is a fairly normal distribution, and the kurtosis for males is .661, which
indicates that the distribution is right skewed, but still normal.

Table 3: Summary of Data- Sex

Table 5 contains the same information; however, this data pertains to the maximum height. The
skewness for females is .279 and the skewness for males is .137; both numbers indicate that the
distribution is fairly even but slightly right-skewed. The kurtosis for females is .531 and the
kurtosis for males is .450. These figures demonstrate that the distribution is right-skewed, but
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still fairly normal. Table 6 provides data regarding the maximum depth. The skewness for
females is -.112 and the skewness for males is -.277; both numbers indicate that the distribution
is slightly left skewed. The kurtosis for females is 2.652 and the kurtosis for males is 2.600.
These figures demonstrate that the distribution is skewed to the right quite a bit and would not be
considered a normal distribution. The output in Table 7 relates to the degree of asymmetry. The
skewness for females is .490 and the skewness for males is .267; both numbers indicate that the
distribution is slightly right-skewed. The kurtosis for females is -1.211 and the kurtosis for males
is -1.646. These figures demonstrate that the distribution is left skewed and is not normal.

Table 5: Explore- Max. Height

Table 4: Explore- Max. Width
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Table 6: Explore- Max. Depth

Table 7: Explore- Degree of Asymmetry

Figures 1-4 demonstrate the distributions of the MW, MH, MD, and DOA for Sex. These box
plots illustrate the data discussed above

Figure 1: Histogram- MW

Figure 2: Histogram- MH
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Figure 4: Histogram- DOA

Figure 3: Histogram- MD

Table 8 presents the means for MW, MH, MD, and DOA in relation to sex; each variable has the
n, mean, and standard deviation included. Males tend to have an average MW that is greater than
the average MW for females (4.13cm vs. 4.95 cm). The means for average MH are fairly close
together (1.62cm vs. 1.72cm). The male subjects included in the study have a greater mean MD
than the female individuals (1.19cm vs .872mm). The mean DOA provides less information, as
this data exists on a spectrum; however, females have a greater negative value that indicates that
their frontal sinuses tend to present with more left-side dominance than the males (-.665mm vs. .304mm). This information demonstrates that, on average, the mean size of the frontal sinus is
larger in males than it is in females, which aligns with the hypothesis.
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Table 4: Means- Sex

Table 5: Independent Samples Test- Sex

The independent samples test (Table 9) includes Levene’s test for equality of variances and a ttest for the equality of means. Levene’s test indicates that the variances between MD and DOA
differ significantly between the sexes and that equal variances can be assumed for MH and MW.
The t-tests for DOA and MD demonstrate significant difference between the sexes, with DOA
p <.001 (equal variances assumed) and MD p =.014 (equal variances assumed).

21

Commented [2]: I don’t think this is quite right. What I
see in Table 9 is that the sexes are significantly
different for MD (p=.014) and DOA (p<.001).

A correlations output was also produced for all data and includes the Pearson and Spearman
correlations, 2-tailed significance, and N for each variable and correlation drawn from the data
(Tables 10-11).

Table 6: Nonparametric Correlations

Table 7: Correlations
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Table 10 includes nonparametric correlations and indicates that MW and MD are significantly
correlated** at the 0.01 level, with p<0.001. Significant correlations seen include those between
the MW and MH (.769), MW and DOA (-.136), MD and MH (.618), and MD and DOA (-.143).
The discriminant function analysis includes the Wilks’ Lambda test, stepwise statistics, and
summaries of variables included (Tables 12-16).

Table 8: Discriminant FunctionSex

Table 9: Excluded Variables DF- Sex

Table 10: DF Variables Included- Sex

The significance for both the Wilks’ Lambda test and the stepwise statistics give the MD and
MH a significance level of .000. This illustrates that when the MD and MW are given, the sex of
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the individual is more easily predicted. As discussed previously, males tend to have greater
frontal sinus depth and height; this information helps place the significance levels seen in the
discrimination function analyses into context (Tables 15-16).

Table 11: DF Stepwise- Sex

Table 12: DF Wilks’-Lambda- Sex

The tests regarding cluster analysis indicate where the variables group together (Table 17; Figure
5). For females, MD clusters at 0.82mm and for males it clusters at 1.26cm. The MW for females
clusters at 3.94cm and for males it clusters at 5.21cm. The MH for females clusters at 1.55cm
and at 1.84cm for males. DOA clusters occur at -0.63 for females and -.031 for males.
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Table 13: Two-Step Cluster Analysis -Sex

Figure 5: Two-Step Cluster Analysis

These clusters demonstrate where the strongest groupings among the dataset occur.
Ancestry
The third set of tables contained in this section are similar to those seen in the previous
section on sex, however, these focus on the ancestral population of those included in the study.
The ancestries of the individuals have been assigned an integer code, with “1” indicating that the
individual is Black and “2” indicating that the individual is White. These tests do not take the sex
of the individuals into account, but rather present the results based solely on the ancestry of the
subjects. The purpose is to discern to what degree ancestry influences the formation and
morphology of the frontal sinus. This is determined through descriptive statistics, means tests, t-
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tests (one-sample and independent sample), correlations, partial correlations, linear regression,
and discriminant function analysis (Tables 18-29; Figures 6-9).
The descriptive statistics concerning ancestry and the MH, MW, MD, and DOA of the
individuals indicate the valid n within each group and separate them by whether they are Black
or White. This information has been assigned an ordinal value; “1” indicates that the individual
is Black and “2” indicates that the individual is White (Table 18).

Table 14: Summary of Data- Ancestry

Tables 19-22 and Figures 6-9 look closely at the MH, MW, MD, and DOA and provide the
mean, standard deviation, 95% confidence interval, Kurtosis, and Skewness for each variable.
Table 19 provides data for maximum width; the mean for Black individuals is 4.706cm and the
mean for White individuals is 4.502cm. The skewness and kurtosis for Black individuals is 0.536 and 0.078; these figures indicate that the distribution is fairly normal, but skewed slightly
to the left.

26

Table 19: Descriptive- MW*Ancestry

Table 20: Descriptive- MH*Ancestry

Table 22: Descriptive- DOA*Ancestry

Table 21: Descriptive- MD*Ancestry
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The skewness and kurtosis for the MW of White individuals is 0.-692 and .301; this indicates
that the distribution of data is slightly skewed to the left, but still relatively normal (Table 19;
Figure 6).
Table 20 presents data regarding the MH; Black individuals have a mean MH of 1.77cm
and White individuals have a mean MH of 1.63cm. The skewness and kurtosis for Black subjects
is 0.247 and 0.276, which demonstrates that the distribution of data is close to normal and
slightly right-skewed. The skewness and kurtosis for White subjects is 0.142 and 0.653; the
distribution is slightly right-skewed and a little further from normal than the distribution of
scores for Black individuals (Figure 7).
Table 21 presents data regarding the MD; Black individuals have a mean MD of 1.02cm
and White individuals have a mean MD of 1.06cm. The skewness and kurtosis for Black
individuals is 0.579 and 3.37, which demonstrates that the distribution of data is abnormal and
slightly right-skewed. The skewness and kurtosis for White individuals is -0.352 and 1.41; the
distribution is slightly left-skewed and not normal (Figure 8).
Table 22 presents data regarding the DOA; Black individuals have a mean DOA of
0.507cm and White individuals have a mean DOA of -1.31cm. DOA exists on a spectrum; values
that are negative indicate that the individual has left-side frontal sinus dominance and positive
values indicate right-side dominance. The skewness and kurtosis for Black individuals is -0.228
and -1.57, which demonstrates that the distribution of data is not normal and slightly left-skewed.
The skewness and kurtosis for White subjects is 0.883 and -0.589; the distribution is slightly
right-skewed and slightly abnormal. The mean values demonstrate that Black individuals present
with anatomical right-side dominance more often than White individuals (Table 22; Figure 9).
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Figure 6: Histogram- Ancestry*MW

Figure 7: Histogram- Ancestry* MH

Figure 8: Histogram- Ancestry*MD

Figure 9: Histogram- Ancestry*DOA

Table 23 presents the means for MW, MH, MD, and DOA in relation to ancestral background;
each variable has the n, mean, and standard deviation included. Black individuals tend to have
slightly greater MW average than White individuals (4.68cm vs. 4.48 cm). The means for
average MH are fairly close together (1.76cm vs. 1.63cm). MD does not seem to vary much
between ancestries (1.02cm vs. 1.07cm). Black individuals have a mean DOA of .507cm, while
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White individuals have a mean DOA of -1.31cm. This suggests that Black individuals present
with right side frontal sinus dominance more often than White individuals.
Table 23: Summary of Means*Ancestry

The independent samples test (Table 24) includes Levene’s test for equality of variances and a ttest for the equality of means. Levene’s test indicates that the DOA is significantly correlated
with the ancestry of the individual with p=<0.001. This signals that the DOA is influenced by the
ancestry of the individual and it is a factor that affects the morphology of the frontal sinus.
Table 24: Independent Samples T-Test*Ancestry
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Table 25: ANOVA*Ancestry

The discriminant function analysis of ancestry includes the Wilks’ Lambda test, stepwise
statistics, and summaries of variables included (Tables 26-29). The significance for both the
Wilks’ Lambda test (Table 28) and the stepwise statistics (Table 29) give the DOA a level of
.000. This illustrates that when the ancestry is given, the DOA is more easily predicted and one
can hypothesize whether the individual will present with either left or right-side frontal sinus
dominance.
Table 26: DF Group Statistics*Ancestry

Table 27: Variables Included/Excluded
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Table 28: Wilks' Lambda DF*Ancestry

Table 159: DF Stepwise Statistics*Ancestry

Age
This section contains the set of statistical analyses conducted to determine whether the
age of the individual plays an influential role in the size of the frontal sinus, as indicated by
previous literature (Buckland-Wright (1970), Fatu et al. (2006), Soman et al. (2016)). Age
determination was not one of the main objectives of this study, as it focuses more so on the
ancestry and sex of the individuals; however, it could possibly be an important factor and could
not be completely ignored. The tests performed that focus on this variable include means tests
and correlations.
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Table 30 presents the means for the age groups, which are (20-29), (30-39), (40-49), (5059), (60-69), and (70+); each variable has the n, mean, and standard deviation included for the
MW, MH, MD, and DOA. The average MW is the largest in the 20-29 age group (4.85cm) and
the smallest in the 30-39 age category (4.38cm); however, the mean value for this variable in all
included age groups tends to stay within a range of 4.30cm - 4.90cm and does not fluctuate
greatly. The average MH is the largest in the 60-69 age group (1.80cm), but then decreases in the
70+ category (1.65cm). The average MD is the largest in the 20-29 category (1.16cm) and the
smallest in the 70+ category (1.00cm).
Table 30: Means- Age Groups

The correlation table (Table 10) does not indicate that age is significantly correlated with MH,
MW, MD, or DOA, at least within this sample.
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Discussion
The results produced by the dataset indicate that the frontal sinuses are affected by the
sex and ancestral lineage of the individual. Males on average tend to have a greater maximum
width of the frontal sinus (4.96cm vs. 4.15cm) and a greater maximum depth than females
(1.19cm vs. .868cm). The average MW of the male frontal sinus is greater than the average MW
for females (4.13cm vs. 4.95 cm). The male subjects included in the study have a greater MD
than the female individuals (1.19cm vs .872mm) and, on average, Male individuals typically
demonstrate larger frontal sinuses than female subjects. The degree of asymmetry is also affected
by the sex of subject; the females included in the sample presented with left side asymmetry
more often than males. Taking this information into account can assist with creating a more indepth biological profile of a decedent; if an individual’s frontal sinus presents with
measurements close to the averages for either sex, this can possibly indicate which group the
subject belongs to.
Previous studies analyzing the potential relationship between the morphology of the sinus
and the sex of the individual did not measure the sinuses in the same manner employed by this
study. However, similar conclusions can be drawn from the data, as this study agrees with the
determinations made by other analyses. Results seen in other studies (Yoshino et al., 1987;
Verma et al. (2015); Camargo et al. (2017) suggest that the sex of the individual can be indicated
by the dimensions of the feature; however, these projects employed classification systems for
measurements, visual identification/comparison, and different parameters or features to be
included in the analyses of sex.
Black individuals have a mean DOA of 0.507cm and White individuals have a mean
DOA of -1.31cm. This demonstrates that Black individuals typically have right side asymmetry
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more often than White individuals. Black individuals tend to have slightly greater MW average
than White individuals (4.68cm vs. 4.48 cm).
There is not much literature regarding the relationship between frontal sinus morphology
and ancestry. Two different ancestral populations have not been analyzed and compared against
one another in this manner. This information can be expounded upon to create a classification
system of the frontal sinuses in regards to ancestry and morphology.
The analysis of age among the individuals did not reveal any information regarding if this
variable affects the morphology of the frontal sinus; there were not any significant trends among
the data. This contradicts previous literature (Buckland-Wright (1970), Fatu et al. (2006), Soman
et al. (2016)), but this could possibly be explained by the smaller sample size included in this
study. These values contradict previous studies indicating that older individuals may present with
larger frontal sinuses due to the breakdown of bone (Buckland-Wright (1970)). Further research
can be conducted on this factor to determine if age affects the dimensions and shape of the
feature.
Conclusion
The morphology and shape of an individual’s frontal sinus is influenced by their sex and
ancestry to some degree. The analysis presented above supports the hypothesis that certain
landmarks and measurements will tend to associate with one ancestry or sex more often. MW,
MD, and MH correlate with one another when taking the sex of the individual into account.
Furthermore, the DOA is influenced by the ancestry of the individual. Males, on average, present
with greater maximum width, maximum height, and maximum depth than females. Females in
this study presented with left side dominance of the frontal sinus more often than males; this
information regarding sex can be taken into account when creating a biological report and
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included in the estimation. Regarding ancestral background, the Black individuals included in the
study presented with right side dominance of the frontal sinus more often than White individuals.
Further research can be conducted from this point, incorporating other ancestral groups and
larger sample sizes in order to increase the reliability of the results. I reject the hypothesis
regarding the size of the frontal sinus and the age of the individual. The analysis did not produce
results that suggest that size of the sinus will increase along with the age of the individual.
Limitations in this study include the sample size; future studies should include an equal
number of individuals for each ancestral and sex category in order to ensure that the results are
unbiased. Some CT scans of individuals originally included in the data were discarded because
of their poor quality; this limited the sizes of some age and ancestral groups. Future studies
should analyze more CT scans to guarantee that there are an equal number of individuals in each
population being tested. Future research could expand upon this study, either through the
inclusion of other ancestral populations or by increasing the sample sizes of those included; this
would verify the results and further validate the conclusions reached.
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